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L INTRODUCTION

This memo presents data analysis based on the results of an investigation summarized in EPA’s
August 30, 2018, Northeast Junean County Groundwater Investigation Smmpling luspection
Repors (“Inspection Report”™) (EPA, 2018). The Iuspection Report provided a description of
EPA investigations refated to potential sources of nitrate contamination in groundwater in
northeast Junean County, Wisconsin, The study area encompuasses approximately 30 square
miles, mostly within the Town of Armenia. The Inspection Repott also included the resulis of
the various sampling and inspection efforts, including the groundwater study conducted by EFA
in northeast Juneau County during the week of April 30, 2018, This memo summmarizes EPA’S

evaluation of the groundwater data collected as part of the groundwater study.

The groundwater study effort was tn response to citizen complainds vegarding concerns about
elevated levels of nittates i residential wells in novtheast Juneau County. The purpose of the
groundwater study was to investigate potential sources of nitrate contamination n the
groundwater and in vesidential drinking water wells. The study focused on pulential nilrates
sources including crop fields, Central Sands Daivy (CSD), a large concentrated animal feeding
operation, residential septic systems, wud cranberry fields, EPA relied on a combination of
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standard analytical methods and research methods to meet the data collection and analysis goals
of the groundwater study. The details regarding EPA’s sampling design for the groundwater
study are included in the Inspection Report.

The importance of EPA’s efforts in this area was reinforced by the results of a residential well
sampling study conducted in May 2018 by the Juneau and Wood County Health Departments
and Land and Water Resource Departments, in conjunction with the University of Wisconsin-
Stevens Point. The counties sampled 104 residential wells as part of the survey and reported that
41% of the wells tested had nitrate levels exceeding the drinking water standard of 10 mg/l. The
counties issued a press release on June 15, 2018, providing a summary of the survey results and
warning residents of risks related to nitrates (Juneau and Wood County Health Department,
2018). The press release also mentioned that the “percent of wells observed with high nitrate
levels, through this survey, is greater than the estimated statewide average of 9% of wells.”

. STUDY SCOPE

As discussed above, the purpose of the groundwater study was to investigate potential sources of
nitrate contamination in the groundwater and in residential drinking water wells in the Town of
Armenia, Wisconsin. EPA Region 7 assisted with the investigation by providing a direct-push
boring technology hydraulic sampling machine, called a Geoprobe ®, and two trained operators.
Fach groundwater sample collected with the Geoprobe® was located within a road right-of-way.
~ The field investigation portion of the study began on April 30, 2018, and consisted of the
following:
e Collection of groundwater samples (at two depths) from 41 temporary boring locations
installed with a Geoprobe®. A total of 82 samples were collected for laboratory analysis.
» Pre-screening of the groundwater samples using Hach Nitrate Test strips, and a Fisher
Scientific Accumet Waterproof Hand-held meter (A-85) for pH/ temperature.

EPA Region 5 scientists mapped five transects in the study area, identified as A through E.
‘Transect A was designed to characterize the groundwater upgradient of crop fields and
downgradient of cranberry fields and other potential sources upgradient of the CSD facility and
nearby crop fields. The remaining transects (B-E) were designed to characterize groundwater
both downgradient and upgradient of potential sources including, the CSD facility, crop fields,
and cranberry fields. The location of the study area, including the temporary groundwater sample
locations, direction of regional groundwater flow, and potential nitrate sources such as crop
fields, the CSD facility, and cranberry fields, is shown in Figure A-1 (Appendix A).

For each Geoprobe® location, groundwater grab samples were collected at two depth intervals
(ranging from 20-34" and 36-49” below ground surface), via a dedicated tube inserted into the
Geoprobe® casing and down to a four-foot long retractable screen at the bottom of the casing.
Prior to sample collection, the Geoprobe®™ operators pumped approximately one gallon of water
out through the tubing to reduce the turbidity in the samples collected. Samples were collected
for field analysis, including pH and femperature, and for nitrate analysis using the Hach Nitrate
test strips. Samples collected for nutrients (total phosphorus, ammonia-nitrogen, total kjeldahl
nitrogen, nitrate-nitrite nitrogen, total organic carbon), total metals, anions (bromide, chloride,
fluoride, nitrate, and sulfate), and total dissolved solids, were analyzed by the EPA Chicago
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Regional Laboratory (CRL). EPA also collected samples for N15 isotope, O18 isotope, and
nitrates and shipped the samples to the Nebraska Water Center at the Water Sciences Laboratory
at the University of Nebraska Laboratory (UNL) for analysis. EPA completed groundwater
sampling activities on May 3, 2018. The Inspection Report (Section 2.4), summarizes the data
results, and discusses EPA’s data usability review and validation effort.

'The main potential sources of nitrogen from CSD include dairy waste lagoons; manure piles; and
manure and synthetic fertilizers applied to crop fields. For crop fields, the main sources are
synthetic fertilizers and manure applied to the land to improve plant growth. For septic systems,
nitrogen from human waste can migrate from septic systems into the groundwater and nearby
drinking water wells. For cranberry fields, a source of nitrogen is synthetic ammonia-based
fertilizer (Bohlke, 2002). The forms of nitrogen discussed above typically migrate through the
unsaturated sands in the area and enter the groundwater via preferential pathways. The nitrogen
is converted to nitrate through chemical and biological processes. Groundwater contaminated
with nitrate can be pumped up in drinking water wells.

Study Limitations

There are some limitations in the study to note. First, with the exception of five residential well
samples, EPA collected water samples from temporary borings, as discussed above. Temporary
borings are not as well developed as established drinking water wells, and often more turbid. To
address this limitation, EPA relied on four types of nitrogen analysis methods for groundwater
samples. EPA used nitrate colorimetric test strips (Hach® test strips) as a field screening tool to
measure nitrate concentrations in increments of 0, 1, 2, 5, 10, 20, and 50 mg/l. EPA also had
groundwater samples sent to UNL for nitrate+nitrite-nitrogen, Nitrogen N15 isotope, and
Oxygen 018 isotope analyses. The isotope data is used to distinguish commercial fertilizers from
organic sources (animal and/or human). Finally, groundwater samples were sent to CRL for
nitrate-nitrite N analysis (ASTM D7781-14), and nitrate-N (EPA Method 300.0).

Field preservation of samples with high levels of sediment is known to be difficult and although
samples may meet the pH target in the field, the preservative can continue to react with the
sediment resulting in changes in the sample’s pH when it arrives at the lab. After the shipment
of the first round of samples, CRL notified the EPA Team that the nitrate-nitrite N analysis
(ASTM D7781-14), samples were arriving at the laboratory under preserved (i.e., higher thana
pH of 2). After receiving this notification, the EPA Team added preservative to the samples that
were to be shipped to CRI. Laboratory on May 3, 2018. This led to some of the samples being
over-preserved. According to CRL, “. . . The over-preservation interferes with the analysis and
the sample data may be estimated. This issue has been previously seen with nitrate-nitrite
nitrogen results for other projects where samples were over-preserved . . .7

EPA conducted a quality assurance review of nitrate data received from UNL, CRL (nutrient and
anion analysis), and Hach® Nitrate Test Strip for Nitrate. Table A-1 summarizes the four sets of
nitrogen analysis. Through comparisons of the four data sets, EPA identified samples where the
results from the CRL nitrate-nitrite nitrogen method were inconsistent with the results from the
other three data sets. Eleven of the samples had results above 10 mg/L in three (UNL
nitrate-+nitrite-nitrogen, CRL nitrate-nitrogen via method 300.0 and Hach® Nitrate Test Strips)
of the four data sets, including in one of the two CRL data sets. The other CRL data set (nitrate-
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nitrite N method ASTM D7781-14 in water) reported “U” for not detected for these eleven
sample results. As part of this comparison to other data, EPA also evaluated the correlation
between the four nifrogen data sets and found a strong correlation with the exception of the
eleven samples with the inconsistencies noted above and sample A2a which is discussed further
below. These eleven samples were all part of the same shipment shipped to CRL Laboratory on
May 3, 2018. See Appendix A, Figures A-20 and A-21 for comparisons of CRL nitrate-nitrite N
and CRL nitrate-N, and TDS and CRL nitrate-nitrite N, with and without inconsistent data.

EPA also further reviewed the five matrix samples spike results. Three of the matrix spike
results had a pH of 2 and the other two had pH of 1. For two of the three matrix spikes with pH
of 2, the spike recoveries were higher than the recovery range of 90-110%. This is indicative of
positive interference and is discussed further after Table A-1. The other matrix spike with a pH
of 2 was within the acceptable range. For one of the pH 1 samples, the spike recoveries were
higher than the range and indicative of positive interference. The other sample with pH of 1, was
reported as not detected when spiked with 2.0 mg/L of nitrate. It is expected that the method
would detect some amount of nitrate when a sample is spiked with a known amount of nitrate.
In this instance, the method failed to detect any of the nitrate, raising concern with the use of
non-detect data at a pH of 1. The observed matrix interference may help explain the
inconsistencies highlighted in pink in Table A-1, and may be related to over preservation.

Based on the feedback from CRL, the matrix spike data, and the comparison between the four
nitrogen data sets, EPA did not map in Figures A-6 and A-7 the results for the any of the
nitrate-nitrite N samples shipped to CRL on May 3, 2018.

EPA also did not map sample A2a which also was inconsistent with results from the other three
data sets and had following quality assurance concerns:

e (CRL’s nitrate-nitrite N method ASTM D7781-14 in water result was 36.90 mg/L. The
Hach® Nitrate Test Strip results, the UNL data and the CRL nitrate-nitrogen via method
300.0 data were all non-detect for forms of nitrogen.

e The April 30, 2018 nutrient sample bottles were in a cooler with total metals sample
bottles. In order to properly preserve the total metals sample bottles, the total metals
sample bottles were opened to add preservative. Based on the results for the A2a nutrient
sample, there is a possibility that sample A2a was contaminated with the nitric acid
preservative that was being used to preserve the total metals samples.

In this memo, designations of upgradient and downgradient are based on a regional groundwater
flow study conducted by Lippelt (1981). EPA is not aware of any more recent regional
groundwater flow studies.

EPA obtained copies of documents regarding CSI)’s nutrient management practices during a
June 2017 inspection of the CSD facility, and from the Wisconsin Department of Natural
Resources (WDNR). CSD’s SnapPlus Spreading and Nutrient Management Crop Report, sorted
for Crop Year 2015, provides product name and analysis for fertilizers used on the crop fields.
The SnapPlus report provided application rates, methods and total amount of fertilizers applied.
Inorganic fertilizer sources used by CSD include ammonium sulfate, aspire, potash, Cal-Sul,
32% UAN (Liquid 32-0-0), Corn Popper (different analysis), and Potato Starter. Organic sources
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include post digester solids and post digester liquids. However, the information does not include
dates of application.

Finally, EPA has limited information about the crop fields in the study area that are not covered
under CSIY's Nutrient Management Plan.

11, NITROGEN IN THE ENVIRONMENT

Nitrogen comprises approximately 80 percent of the earth’s atmosphere and is found in the
environment in many forms including nitrate (NO3.), and nitrite (NOz.). Oxidized forms of
nitrogen, such as nitrate, are soluble in water and can move through the soil system and make
their way to groundwater, resulting in potential exposure of human to nitrates in drinking water.
Nitrogen is transformed in the environment from one form to another through processes such as
nitrogen fixation, mineralization, nitrification, and denitrification.

Nitrogen contamination in groundwater can be attributed to a number of sources, including
fertilizers, animal wastes, and domestic wastes. Synthetic fertilizers are the largest sources of
reactive nitrogen input to agricultural systems, followed by nitrogen fixation in cultivated
croplands, atmospheric deposition, and manure production (EPA-SAB-11-013, 2011). While
many fertilizers may be composed of nitrate, urea or ammonia are often used. The urea and
ammonia are ultimately converted to nitrate by soil bacteria (EPA, 2013).

Nitrate is soluble in water and can easily pass through soil to the ground-water table, persisting
in ground water for decades and accumulating to high levels as more nitrogen is applied to the
land surface every year (Nolan, Hitt, & Ruddy, 2002). Well drained soils, such as the course-
grained sands found in the study area, transmit water and nitrate rapidly to the groundwater table.
In general, unconsolidated sand and gravel aquifers are porous and allow rapid movement of
water, making them more susceptible to contamination from nitrate (USGS, 2005).

Nitrate in groundwater drinking water systems is of concern because private self-supplied
drinking water systems are not federally regulated. Concentrations of nitrate greater than 3 mg/l
generally indicate contamination (Madison and Brunett, 1985), and a more recent nationwide
study found that concentrations of nitrate over 1 mg/l indicate human activity (Dubrovsky et al.
2010). EPA established a maximum contaminant level (MCL) for nitrate in drinking water of

10 mg/L. under the Safe Drinking Water Act to protect against blue-baby syndrome in infants and
susceptible individuals, which can lead to death in extreme cases (Ward 2005).

IV. STUDY AREA

The study area encompassed most of the Town of Armenia, a rural area with a population of
approximately 699 people, and a population density of 8.99 people per square mile (U.S. Census
Bureau, 2018). Based on the 2011 National Land Cover Database, land cover in the study area
is dominated by forest, planted/cultivated, and grassland/herbaceous cover types, as summarized
in Table 1 and Figure 1, below (Homer, ef. al, 2015).
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Table 1. Study area land cover (from Homer, et. al, 2015).

Land Cover Class
Open Water
Developed

Barren Land

Forast

Shrub/Sorub
Grasstand/Herbaceous
Planted/Cultivated
Wetlands

Tokals

Arsa

{acras)

29
1.441

3

10,436
537
3,068
7,857
1,538

24,909

Figure 1. Study area land cover.

Area %
0.1%
5.8%
4.0%
44,9%
2.2%
12.3%
31.5%
6.2%

100.0%

Study Area Landcover

NLCD 2011 Landcover
aber

Ceveloped
Barren Land
4 Forest
heub/Sorub
Grasshands
Phanted/Cultivated
Wetlands

eveloped, Opan Space | :

{National Land Cover Database, 20113

Agricultural fand use 1s dominated by cropland, and includes a concentrated animal feeding
operation (C5D), and cranberry operations (Figure A-1). As summarized in Figure 2, corn, dry
beans, and potatoes are the dominant crop type in the study area (USDA, 2018).
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Figure 2. Siudy area crop acreage (USDA, 2018)

Geology

The study area encompasses approximately 30 square miles in novtheast Juneau County, mostly
within the Town of Armenia, Wisconsin, The study area also liss within the Central Sand Plain
Region of Wisconsin, a relatively flat expanse of sand that covers over 3,000 square miles of
Wisconsin. The sand originated as glacial outwash deposits into Glacial Lake Wisconsin, which
came into exigtence about 19,000 vears ago when the Green Bay Lobe of the Wisconsin
glaciation blocked the ancient river that ran through the valley now occupied by the Wisconsin
River (WDNR, 2015). The sand deposit exceeds 50 meters in depth in some areas of northeast
Juneau County (Clayton, 1989). Bedrock in the area consists of Late Carabrian sandstone
underlain by Precambrian igneous and metamorphic rock.

Groundwater — Surficial Sand Aguifer

The flow of groundwater in the surficial Central Sand Plain aguifer within the study area is
senerally in the southeasterly divection toward Lake Petervwell (Figure A-1). Residential
deinking water well depths typically range from 20 to 63 feet in the study ares, with some wellg
exceeding 120 feet in depth. High capacity wells are common in the area and provide water for
industries and agriculture. Hstimates of groundwater velocity in the Central Sand Plain aquifer
range from approximately 0.5 fo 1.0 feet per day to several feet per day (Lippelt and Hennings,
1981: Meigs & Bahy, 1993}

WDNR conducted a groundwater susceptibility analysis for Juneau County, in cooperation with
the University of Wisconsin-Extension, Wisconsin Geological and Natural History Survey and
the U8, Geological Survey. The study identified portions of northeast Junean County as areas
*maore suseeptible” to groundwater comtamination based on five physical resource characteristics,
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mcluding depth to bedrock, type of bedrock, soil characteristics, depth to water table and
characteristics of surficial deposits (see Figure 3; Schimnidt, 1987).

Figure 3. Juneau County — Groundwater-Contamination Susceptibility Analysis (Schmidt, 1987}, with
study area overlay.

junean County ~ Groundwater Contamination
Susceplibility Analysis

-~ Study Area

EXPLANATION

Groundusion-contgmination
‘suncEptiniiy

PRk

RSt Rescanibds

——— LY ESEETY

SIS

g

Thie growndiaser s dtios susceiibilly nap ine Comprsite of e seivirde shatarteristic mibs,
weeh o whinh vias deshent from generalled stateedde Bl T gt Anal seales, yid canant Be Bead

For ay Stessnerith purposss,

Y.  STUDY FINDINGS

As discussed above, the purpose of this study was to investigate potential sources of nitrate
contamination in the groundwater and in residential drinking water wells in the Town of
Armenia, Wisconsin, EPA evaluated the results of nitrogen samples, including isotope analysis,
along with results of other parameters including anions (bromide, chloride, and sulfate), from
groundwater samples collected via temporary borings. The study findings are summarized
below, based on parameter and analytical technigue.

Nitrogen

The results of the four nitrogen analyses conducted, including UNL nitrate-taiirite-N, CRL
nitrate-nitrogen via method 300.0, CRL nitrate-gitrite N method ASTM D7781-14, and Hach®
Nitrate Test Strips, are summarized in Table A-1. To support spatial analysis, the results of each
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of the four datasets were plotted on maps at two depth ranges (shallow and deep), along with
potential sources, including crop fields, cranberry fields, and CSD (Appendix A, Figures A-2
through A-9). The maps reveal a similar trend across all nitrogen analyses —concentrations
below detection limits to below 10 mg/l at sample locations upgradient of crop fields and CSD,
and elevated concentrations at locations downgradient of crop fields and CSD. Results of
nitrogen analyses of samples immediately downgradient of the cranberry field in the northwest
edge of the study area were below 10 mg/l, and in most cases below 2 mg/l. EPA compared the
frequency of exceedances of 10 mg/l for nitrogen analyses from samples downgradient and
upgradient of crop fields and CSD. The comparison is summarized in Table 2, below. For this
analysis, upgradient samples included samples collected from locations A1-A4, B1, B2, C1, C11,
C12, C13, D1, and E10. All other sample locations were considered downgradient of crop fields.
Samples collected from locations east-southeast of the CSD facility are potentially downgradient
of crop fields and the CSD facility.

Table 2. Frequency of exceedances of 10 mg/1 for nitrogen analyses for samples downgradient and
upgradient of crop fields.

Sample depth 20-34 below surface | Sample depth 36-49' below surface
Upgradientof | Downgradientof | Upgradientof |Downgradient of

Mitrogen Analysis Type Crop Fields Crop Fields™ Crop Fields Crop Fields®
dumber of
EPA UN_L sampies 12 23 12 29
Laboratary Nitrate+Nitrite-N
Nitratesitrite- | rj!tes r«inrﬁw:ii 0 17 o 17
N Results LERE :
{Geoprobe) exceeding 10 .
mg/1 0% 59% - 0% 59%
Mumber of
EPA Hach Nitrate samples 12 29 12 23
Test Strip Nitrate basulis
Results >10mg/) ] 19 g 20
{Geoprobe} exceeding 10’
mg/t 0% 66% 0% 59%
Mumber of ‘
1 : 10
EPA CRL Nitrate- |—— S:mf::f‘j:m - 1 13, i3
nitrite N Resufts | 0 0o o
(Geoprobe) rasults >10 mg/fl 0 8 g E]
=Op exceeding 10
mg/l 0% 62% 0% 59%
Mumber of
EDA IC Nitrate- - sarinpuies 12 29 2 9
" Mitrate-nitrogen
nifrogen Results
results »10 mg/l 0 19 i 21
{Geoprobe} :
% samples
exceeding 10 0% 66% 0% 72%
H
Total Al Rumber o
. samples £7 100 460 100
Nitrogen Results *10 mg/l i 63 B 67
Analysis Resulls "
excesding 10
{Geoprobe}
- mg/l 6% 53% 0% 67% e

#*Groundwater samples collected from locations east-southeast of the CSD facility are potentially downgradient of crop fields and
the CSD facility.
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According to EPA’s nitrogen analyses, summarized above, none of the 93 validated groundwater
samples collected upgradient of crop fields excesded the 10 mg/l nitrate standard. 130 of the 200
{65%) groundwater samples collected downgradient of crop fields exceeded the 10 mg/l nifrate
standard. Percentages of groundwater samples collected downgradient of crop fields and
exceeding the nifrate standard of 10 mg/l ranged from 59-72%, depending on the type of nitrogen
analysis performed. This data suggests crop fields are likely sources of elevated levels nitrogen
in groundwater and wells downgradient of crop fields. As discussed above, groundwater
samples collected from locations cast-southeast of the CSD facility are potentially downgradient
of crop fields and the CSD facility.

Synthetic fertilizers and manure are applied to crop fields to improve plant growth. According to
the Wisconsin Department of Agriculture, Trade and Consumer Protection’s (DATCP) 2016-17
Feptilizer Summary Report, nitrogen-containing fertilizers, such as urea and UAN solutions,
were among the top four most widely consumed agnicultural fertilizer in terms of tonnage in
Wisconsin (Table 3).

‘The combination of crop types and high degree of groundwater contamination susceptibility in
the study arca, along with the comimon use of nitrogen-based fertilizers, results in a greater

potential for nitrate leaching to groundwater (Figure 4.

Figure 4. Nitrate leaching potential (Masarik, 2018).

Nitrate Leaching Potential

Water Quality/ g
hirgte: Economic Optimal Nitrogen Rates
Conwentration
bass Foresty Alalfs Sayhean forn Potato
Frapie/ Cori-
CRP Sovhiesn Wdsarik, 1-Extension
10
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Table 3. Tonnage of mixed agricultural fertilizer and fertilizer materials by container (DATCP, 2017).

S TONNAGE EEF MIXED AGRICULTURAL. FERTIL!EE’E% 5
ﬁNEﬁ EERTILIZER MATERIALS BY CONTAINER [JULY 2016 - JUME 2017
Fertilizer Fertliizer Material Bag . Bulk i_iqmd . Total
12400 5] 28 745 i 28,749
3-2-1 1 14,7414 H RENEY
§-24-B ¢ 567 10,531 11,148
9-23-30 576 8,167 i B743
2-16-31 49 4,353 ] 4412
7-18-5 o 0 4 268 4 268
T-21-F H 224 3,080 3,314
20-0-0 ED 156 3,059 3288
4-48-10 o 68 2260 302z
{442 21 2,504 ] 2004
Crher Mixed Grades 18,312 ‘1345423 93,132 246 873
Anhydrous Ammonia 13 5,430 23,833 299683
Ammonium Mitrate 4,854 g a5 5,853
Ammonium Suffate. 301 121,709 673 122,584
Z8%/32% 1TAN Solutions % 33485 437 21% 270,714
Uirea 197 2403134 4,574 244510
Siow Release Urea & 358 0 358
Ammoniated Phosphates 17 118,248 27,188 146,461
Super Phosphates 0 161 0 181
Bone Meal 1 72 ) 72
Hock Phosphates [ 2,201 a 2,201
0-0-80M-0-52 Muriabe of Polash 525 433315 132 433572
0-0-50 Sultate of Potash 254 743 a 76597
O-03-22 5ui-Po Mag TR 5,86‘? 0 & 045
Cther M, P & K Bources 27 18,267 21,854 38,188
Peatural & Organic (Excluding Bone keald 1] 33,313 408 33,72
Bomn 13 3,126 g A6
Gypsum 1 37,304 g 37,304
Calcium {Excluding Lime} g 1472 ] 1,472
Sulfur (Exouding Gypsum} O 4,724 a 4724
Zing o 1,750 i 1,750
i ~ 2] 4
Qlter SecongaryMicro Nulrents - senamy | 0 w0 203
Fillers 188 14,008 o 14,288
Anions

The results of major anion analyses conducted, including bromide, chloride, and sulfate, via
method 300.0, are summarized in Appendix A, Table A-2. Major anions were analyzed to
identify any spatial patterns between sample locations upgradient and downgradient of potential
SOUICEs.

Bromide

Bromide has been used successfully as a conservative tracer for nitrogen leaching to
groundwater in agricultural settings (Kessavalou et.al, 1996; Schuh et.al., 1997). Bromide was
detected at low levels in the groundwater, ranging from 0.03-0.17 mg/1 throughout the study
area. Bromide results were plotted on maps to identify potential spatial pattemns. In the deeper
sample locations (36-49°) bromide shows a pattern of increasing concentration from upgradient
borings to boring locations downgradient of CSD and crop fields in the vicinity of CSD
(Appendix A, Figure A-10). Bromide results from shallow samples (20-34’}) show a pattern of
increased concentrations downgradient of several crop fields and downgradient of CSD

11
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{Appendix A, Figure A-11). Bromide results at all upgradient Iocations were at the detection
linnt of 0.03 mg/l.

Chloride

Similar to bromide, chloride is often used as a conservative tracer to study water and
contaminant fransport in groundwater (Freeze and Cherry 1979). According to DATCP s 2076~
17 Fertilizer Summary Report, Muriate of Potash (potassium chloride), was the most widely
consumed agricultural fertilizer in terms of tonnage in Wisconsin (see Table 3 above). Chloride
was detected in the groundwater at concentrations ranging from 0.48-66.2 mg/l throughout the
study area. The chloride box and whisker plot (Figure 3) summarize the distribution of chloride
at downgradient and upgradient locations, at 20-34 and 36-49 depths,

Chloride results were plotted on maps to identify potential spatial patterns, In the deeper sample
loeations (36-49) chloride shows a pattern of increasing concentration from upgradient borings
to boring locations downgradient of crop fields (Appendix A, Figure A-12). Chloride results
from shallow samples (20-34") show a similar pattern of increased concentrations downgradient
of several crop fields (Appendix A, Figure A-13). Chioride results at all upgradient locations
were below 5 myg/l. The average concentration of chloride at downgradient locations was 25.7
mg/l. Review of chloride data shows lower concentrations upgradient of crop fields and clevated
chloride levels in downgradient borings and wells. Samples collected from locations cast-
southeast of the C8D facility are downgradient of crop fields and the CSD facility.

Figure 3. Chloride results - box and whisker plots.

Chiarids (70-347 liscide (36457

gl

l.mﬁm&m

{3 paiigraliont 305 1 Vpsredisn 100

Sulfate

Sulfur is a nuirient that may be deficient in agricultural fields with sandy soils (Laboski, Peters,
and Bundy, 2006). To address sulfur deficiencies, sulfate-containing fertilizers and/or manure
are applied to crop fields. According to DATCP’s 2016-17 Fertilizer Summary Report, a
number of sulfate-containing fertilizers ave consumed in Wisconsin, including ammonia sulfate,

-
b
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sulfate of potash, and sulfir, Ammonia sulfate was the sixth most widely consumed agricultural
fertilizer in terms of tonnage in Wisconsin (see Table 3, above).

Sulfate was detected in the groundwater at concentrations ranging from 8,91-112 mg/t
thronghout the study area. The sulfate bow and whisker plot (Figure 4) swmmarize the
distribution of sulfate af downgradient and upgradient locations, at 20-34" and 36-49" depths.
Sulfate results at all upgradient locations were below 27 mg/l, with an average concentration of
7.80 mo/l. The average concentration of sulfate at downgradient locations was 46.9 mg/l. Sulfate
results were plotted onmaps to identify potential spatial patterns. Sulfate vesults from both deep
{36-49"), and shallow (20-34") locations show a similar pattern of increasing concentration from
upgradient borings to boring locations downgradient of crop fields (Appendix A, Figures

A-14 and A-15}.

Review of sulfate data shows lower concentrations upgradient of crop fields and elevated sulfate
levels in downgradient borings and wells. Samples collected from locations east-southeast of the

CSD facility are downgradient of crop fields and the CSD facility. -

Figare 4. Suifate results - box and whisker plots.

Tedfare {20387

Total Dissolved Solids

Total dissolved solids {TD8) represent the total concentration of dissolved solids in groundwater
samples, and include cations and anions such as nifrates, chlorides and sulfates. Consistent with
the results of nitrate, chlorides and sulfates discassed above, TDS concentrations increased from
upgradient borings to boring locations downgradient of crop fields.

TS was detected in the groundwater at concentrations ranging from 44-648 mg/l throughout the
study area. The TDS box and whisker plot (Figure 5) summarize the distribution of TDS at
downgradient and upgradient locations, at 20-34" and 36-49" depths, TDS results at all
upgradient locations were below 165 myg/l, with an average concentration of 93.8 mg/l. The
average concentration of TDS at downgradient locations was 310 mg/l, TDS results were plotted
o naps 1o identify potential spatial patterns. TDS results from both deep (36-497) and shallow

i3
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{20-34") samples show a similar pattern of incressing concentration from upgradient borings to
boring locations downgradient of crop fields (Appendix A, Figures A-16 and
A~17].

Similar to vesults of nitrogen and anion analyses discussed above, review of TDS data suggests

crop fields are likely sources of elevated TDS fevels in borings and wells downgradient of crop

ficlds. Samples collected from locations east-southeast of the CSD facility are downgradient of
crop fields and the CSD facility.

Figure 5. TDS results - box and whisker plots.
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N15 and O18 Isotopes

Groundwater samples from all boring locations were submitted to the UNL Laboratory for
S15N-NO3N and $180C-NO3N isotope analysis, including analysis of nitrate-N concentrations.
The complete UNL isotopic analysis report (“Isotope Report™), Nitrate-N Isotope Results and
Inferpretation (Snow, 2018), is provided in Appendix B. The Isotope Report describes the stable
isotope analysis of nitrate as follows:

Nitrate (NO3) is composed of multiple stable isotopes of nitrogen and oxygen,
and the composition or proportion of these isotopes changes in a predictable way
in surface and groundwater systems. Moreover, nitrogen from specific sources has
been shown to have a unique isotope composition or “fingerprint™ which has led
to a number of studies investigating the utility of linking nitrogen sources to
nitrate contamination. The conventional method for measuring and reporting the
stable isotope composition uses a delta (8) notation based on the following
equation:

14
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{ﬁ{i} i z}{?} = Xmﬁ}o{ % 1660

e

where "R is the measured isotope ratio of the less abundant isotope over the
more abundant isotope for a sample and standard (air}. In the case of nitrogen,
“air™ or atmospheric nitrogen gay is used as the reforence standard with a very
constant 15N composition of 0.366% (Junk and Svec, 1958). The reference for
oxygen isotopes is standard mean ocean water (SMOW) with a 180/160 =
2005.2 ppm.

Stable Isotope “Fingerprinting ™ of Nitrate

Nitrogen in commercial fertilizers {urea and subydrous ammonia) has an isotope
composition very similar to atmospheric nitrogen, and typieally ranges from -6 to
+6 per mil (%) (Kendall, Blliott, et &l., 2008). Exiensive data collection and
analysis of fertilizer sources has suggested that the isotope composition of the
majority (~B0%;} of inorganic nitrogen fertilizer sources ranges between -3 and
+3%o (Michalski, Kolanowski, et al., 2015}, In comparison, nitrogen from animal
mgnure, sewage or biosolids tends to be enriched in the heavier 15N isotope,
especially after deposition and comversion fo the highly volatile ammonia
{Kendall, Elliott et al, 2008), and is range tends to be signiticantly higher,
typically between +10 and -+25%e. Oxygen isotopey in nitrate, may etther originate
from the oxygen in a commercial nitrate fertilizer (KNO3 or N2ZHAO3) or from
oxygen atoms in the soil, air; and water during nitrification of ammeonia, Because
the oxygen isotope composition in air is velatively constant (+22 10 +24%), and
the oxygen isotope composition of water changes m a predictable way (usually -5
to -20%s), it is possible to predict the uxygen isctope composition of soil nitrate
formed by nitrification.

Hoth the nitrogen and oxygen isotope composition can be changed in nitrate by
another process called microbial denitrification, changes nitrate Yo nitrite, nitrous
oxide, and may eventually convert mitrate to nitrogen gas and water. Because the
change in composition is prediciable, simultaneous measurement of both nitrogen
and oxygen isotopes can provide clues about the source(s) ol nifrogen, timing of
nitrification (nitrate formation)}, and whether denitrification has helped to remove
any nitrate. As figure | Jof lsotope Report] indicates, however, the use of both
nitrogen and oxygen sotopes for distinguishing sources of nitrate in groundwater
can be complicated by mulliple sources {almospheric, manure, seplic systems)
and processes.

Vinally, interprefation of the measured isotope composition of nitrate in
groundwater samples with respect to potential sources should include
gonsiderstion of the expected ranges from sources, potential for mixing mulbtiple
nitrogen sources, and the possibility of changes i the isotope composition due to
biogeochemical processes (Kendall and Arvavena, 2000). While thiy s often
challenging, comparing the measured sofope composttion of nitrate with other
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parameters, such as dissolved oxygen, iron, chloride and alkalinity, can help
support interpretations.

The Isotope Report includes a plot (Figure 6, below) of §15N-NO3N versus §180-NO3N
compared to expected ranges from commercial fertilizer sources, manure and septic
sources and inorganic nitrate fertilizers. Note that this analysis cannot distinguish
between manure and septic system effluent sources. The [sotope Report describes the
plot and related trends as follows:

Only 1 sample plots in the isotope range inorganic nitrate fertilizers, while over
50% of the samples plot in the range expected for nitrification of commercial
nitrogen fertilizer. Roughly one-third of the isotope results fall in the range
expected for manure and septic system nitrogen, and several points are consistent
with enrichment due to denitrification (Kendall, Elliott, et al., 2008).

Spatial distribution of expected source ranges from both deep (36-49), and shallow (20-34"),
samples is provided in Appendix A, Figures A-18 and A-19.

Nitrogen isotope results from two sample locations with nitrate concentrations above 10 ppm
(D8a and E8b), indicate potential manure and/or septic effluent sources of nitrogen. Both
locations are immediately downgradient of crop fields and over 4,000 feet downgradient of the
nearest residential property. Nitrogen isotope results from three sample locations with nitrate
concentrations above 10 ppm (C5Ab, D11b, and E7a), indicate potential nifrification of
commercial nitrogen fertilizer, and manure and/or septic effluent sources of nitrogen. All three
locations are immediately downgradient of crop fields and over 2,000 feet downgradient of the
nearest residential property.

Since isotopic analysis cannot differentiate between human and nonhuman waste, both could be
sources of the nitrate in samples C5Ab, D8a, D11b, E7a and E8b and based on the isotopic
analysis.

16
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Figore 6. Measured §15MN-NO3N versus S1EO-NO3N compared to expested ranges from commercial
fertilizer sources (dark blue dashed box), manure and septic sources (orange dashed box) and ingrganic
nitrate fertilizers {green box). Source ranges from Kendall and Aravena (2000). [Adapted from Snow,
20181

The results of the isotopic analysis ave consistent with research that suggests agricultural npuis
are the most significant in forms of sources of nitrate contamination in groundwater (Shaw, 1994;
Masarik, et. al, 2014). As shown in the example in Figure 7, below, residential septic systems
can be sources of elevated nitrogen, equivalent to a 28-acre corn field, in cases where homes are
concentrated (32 septic systems on 20 acres). However, only three sample locations with nitrate
concentrations above 10 ppm and with 1sofope results indicating potential manure and/or septic
effluent sources {C3A, E7, and ER), are potentially downgradient of clusters of homes, Each of
the three sample locations are a minimum of 2,000 feet downgradient and within one mile of a
cluster of homes {(approximately 4-10 homes at each cluster), and sepurated from homes by crop
fields,

i7
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Figare 7. Nitrogen impac‘is to groundwater: corn field versus septic system effluent (Masarik, 2016).
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VI SUMMARY

@

Portions of northeast Juneau County are areas “more susceptible” to groundwater
contamination based on five physical resource characteristics, inciuding depth to bedrock,
type of bedrock, soil characteristics, depth to water table and characteristics of surficial
deposits (see Figure 3; Schmidt, 1987).

Agricultural land use in the study area is dominated by cropland and includes a
concentrated animal feeding operation (CSD), and cranberry operations (Figure A-1). As
summarized in Figure 2, corn, dry beans, and potatoes are the dominant crop type in the
study area (USDA, 2018).

Synthetic fertilizers and manure are applied to crop fields to improve plant growth.
According to documents provided by CSD and WDNR, CSD applied fertilizers including
ammonium sulfate, aspire, potash, Cal-Sul, 32% UAN (Liquid 32-0-0), Corn Popper
(different analysis), and Potato Starter. According DATCP’s 2016-17 Fertilizer
Summary Report, mtrogen-containing fertilizers, such as urea and UAN solutions, were

among the top four most widely consumed agricultural fertilizer in terms of tonnage in
Wisconsin (Table 3).

The combination of crop types and high degree of groundwater contamination
susceptibility in the study area, along with the common use of nitrogen-based fertilizers,
results in a greater potential for nitrate leaching to groundwater (Figure 4).

According to EPA’s nitrogen analyses, none of the 93 groundwater samples collected
upgradient of crop fields exceeded the 10 mg/l nitrate standard. 130 of the 200 (65%)
groundwater samples collected downgradient of crop fields exceeded the 10 mg/1 nitrate
standard. This data shows elevated levels of nitrogen in groundwater down gradient of
crop fields. As discussed above, groundwater samples collected from locations east-
southeast of the CSD facility are potentially downgradient of crop fields and the CSD
facility.

Bromide results from shallow samples (20-34") show a pattern of increased
concentrations downgradient of several crop fields and downgradient of CSD. In the
deeper sample locations (36-497) bromide shows a pattern of increasing concentration
from upgradient borings to boring locations downgradient of CSD and crop fields in the
vicinity of CSD.

Chloride data shows lower concentrations upgradient of crop fields and elevated chloride
levels in downgradient borings and wells. Chloride samples collected from locations
east-southeast of the CSD facility are potentially downgradient of crop fields and the
CSD facility.

Sulfate results show a similar pattern of increasing concentration from upgradient borings
to boring locations downgradient of crop fields. Sulfate samples collected from locations

cast-southeast of the CSD facility are potentially downgradient of crop fields and the
CSD facility.

19

ED_004625A_00022255-00019



s TDS results show a similar pattern of increasing concentration from upgradient borings to
boring locations downgradient of crop fields. TDS samples collected from locations east-
southeast of the CSD facility are potentially downgradient of crop fields and the CSD
facility.

e Over 50% of the 315N-NO3N and 6180-NO3N isotope sample results plot in the range
expected for nifrification of commercial nitrogen fertilizer. Roughly one-third of the
isotope results fall in the range expected for manure and septic system nitrogen, and

several points are consistent with enrichment due to denitrification (Kendall, Elliott, et
al., 2008).

e Isotope data and spatial analysis of proximity of sample locations to homes with septic
systems suggest any potential impact of septic systems would be limited to three sample
locations. Any potential contribution of septic systems to elevated nitrates in groundwater
may be further limited as the three sample locations are a minimum of 2,000 feet
downgradient of the nearest residential home cluster.

VII. REFERENCES

Bihlke, J.K., (2002). Groundwater recharge and agricultural contamination. Hydrogeol. J., 10 (3), pp.
438-439, 10.1007/s10040-002-0210-z.

Clayton, L. (1989). Geology of Juneau County. Information Circular 66. Wisconsin Geological and
Matural History Survey.

Dubrovsky, N.M., Burow, K.R., Clark, G.M., Gronberg, J.M., Hamilton P.A., Hitt, K.J., Mueller, D.K.,
Munn, M.D., Nolan, B.T. Puckett, L.J., Rupert, M.G., Short, T.M., Spahr, N.E., Sprague, L.A., & Wilber,
W.G. (2010). The quality of our Nation’s waters—Nutrients in the Nation’s streams and groundwater,
1992-2004: U.S. Geological Survey Circular 1350.

Freeze, R.A. and Cherry, J.A. 1979. Groundwater. Prentice Hill, 604pp.

Hitt, K. J., and Nolan, B. T. (2003). Nitrate in Ground Water: Using a model fo simulate the probability
of nitrate contamination of shallow ground water in the conterminous United States —Supplementary
information. USGS National Water-Quality Assessment Program, Reston, VA.

Homer, C.G., Dewitz, J.A., Yang, L., Jin, 8., Danielson, P., Xian, G., Coulston, J., Herold, N.D,
Wickham, J.D., & Megown, K. (2015). Completion of the 2011 National Land Cover Database for the
conterminous United States-Representing a decade of land cover change information. Photogrammetric
Engineering and Remote Sensing, v. §1, no. 5, p. 345-354.

Tuneau County Health Department and Wood County Health Department. (2018). High Nitrate in Private
Drinking Wells. Public Notice. June 15, 2018,

Kendall, C. and Aravena, R. (2000}. Nitrate Isotopes in Groundwater Systems. In: P. G. Cock and A. L.
Herczeg, editors, Environmental Tracers in Subsurface Hydrology. Springer US, Boston, MA. p. 261-
297.

20

ED_004625A_00022255-00020



Kendali, C,, Elliott, E.M. & Wankel, 5.D. (2008). Tracing Anthropogenic Inputs of Nitrogen to
Ecosystems. Stable Isotopes in Ecology and Environmental Science. Blackwell Publishing Ltd. p. 375-
449,

Kessavalou, A., Doran, I.W., Powers, W.L., Qian, 1.H., & Kettler, T.A. (1996}. Bromide and nitrogen-15
tracers of nitrate leaching under irrigated corn in central Nebraska. J. Environ. Qual. 25:1008-1014.

Laboski, C.A., Peters, J.B., & Bundy, L.G. (2006). Nutrient application guidelines for field, vegetable,
and fruit crops in Wisconsin, University of Wisconsin-Extension, Cooperative Extension. R-11-2006-
2.5M.

Lippelt, 1. D. (1981). Water Table Elevation. Irrigable lands inventory--Phase I groundwater and related
information. Wisconsin Geological and Natural History Survey. September 1981.

Lippelt, I. D., and Hennings, R. G. (1981). Irrigable lands inventory--Phase I groundwater and related
information. Wisconsin Geological and Natural History Survey. September 1981.

Madison, R.J. and Brunett, J.O. (1985). Overview of the occurrence of nitrate in ground water of the
United States, in National Water Summary 1984-Hydrologic Events, Selected Water-Quality Trends, and
Ground-Water Resources: U.S. Geological Survey Water-Supply Paper 2275, pp. 93-105.

Masarik, K. (2003). Monitoring water drainage and nitrate leaching below different tillage practices and
Sertilization rates. WLS. Thesis. Dept. of Scil Science, University of Wisconsin —Madison.

Masarik, K. (2016). Nitrate in Wisconsin's Groundwater What, Why, and Where? Center for Watershed
Science and Education, University of Wisconsin-Stevens Point. Retrieved October 5, 2018 from
https://pdfs.semanticscholar.org/presentation/e6cd/ac36b11£26259695a1¢2d04634150478b26d.pdf.

Meigs L..C., and Bahr J.M. (1993). Tracer Test Evaluations of Groundwater — Surface Water Interactions.
Tracers in Hydrology (Proceedings of the Yokohama Symposium, July 1993). JAHS Publ. no. 215, 1993.

Michalski, G., Kolanowski, M., & Riha, K.M. (2015). Oxygen and nitrogen isotopic composition of
nitrate in commercial fertilizers, nitric acid, and reagent salis. Isotopes in Environmmental and Health
Studies 51: 382-391. doi:10.1080/10256016.2015.1054821.

Nolan, B. T, Hitt, K. J., & Ruddy, B. C. (2002). Probability of nitrate contamination of recently
recharged groundwaters in the conterminous United States. Environmental Science and Technology,
36(10), 2138-2145. https://doi.org/10.1021/es01 13854

Shaw, B. (1994). Nitrogen contamination sources: A look at relative contributions. In Proceedings of the
Nitrate in Wisconsin’s Groundwater: Strategies and Challenges Conference, Stevens Point, W1,

USA, 10 May 1994,

Schmidt, R.R. {(1987). Groundwater contamination susceptibility map and evaluation: Wisconsin
Department of Natural Resources, Wisconsin’s Groundwater Management Plan Report 5, PUBL-WR-
177-87, 27 p.

Schuh, W.M., Klinkebiel, D.L., Gardner, J.C., & Meyver, R.F. (1997) Tracer and nitrate movement to
groundwater in the northern Great Plains. J. Fnviron. Qual, 26:1335-1347.

21

ED_004625A_00022255-00021



Snow, D. (2018). Nitrate-N Isotope Results and Interpretation. Prepared for Eastern Research Group
Prime Contract #EP-W-15-006. University of Nebraska Water Sciences Laboratory Lincoln, NE 68583-
084, September 2018.

Tri-State Water Quality Council. (2005). Septic system impact on surface waters: A review for the inland
northwest. Retrieved October 5, 2018, from hitps://www.deq.idaho.govimedia/892720-septic-system-
impact-surface-waters-0605.pdf. June 2005.

U.S. Census Bureau. 2018. City and Town Population Totals 2010-2017. Retrieved September 20, 2018,
from https://www.census.gov/data/datasets/201 7/demo/popestitotal-cities-and-towns.html

U.S. Department of Agriculture. (2018). CropScape — Cropland Data Layer. National Agricultural
Statistics Service. Retrieved October 5, 2018, from https://nassgecdata.gmu.edu/CropScape/.

U.S. Environmental Protection Agency (EPA). (2003). Onsite Wastewater Treatment System Manual.
EPA/625/R-00/008. June 2003.

EPA. (2013). Relation Between Nifrate in Water Wells and Potential Sources in the Lower Yakima
Valley, Washington. EPA Region 10. March 2013.

EPA. (2018). Northeast Juneau County Groundwater Investigation - Sampling Inspection Report. EPA
Region 5. August 2018.

U.S. Environmental Protection Agency Science Advisory Board. (2011). Reactive Nitrogen in the United
States: An Analysis of Inputs, Flows, Consequences, and Management Options - A Repori of the Science
Advisory Board. EPA-SAB-11-013, U.S. Environmental Protection Agency Science Advisory Board,
Washington, DC,

University of Wisconsin-txtension and U.S. Geological Survey. (2008). Protecting Wisconsin's
Groundwater Through Comprehensive Planning Website. University of Wisconsin-Extension Center for
Land Use Education, and U.S. Geological Survey - Wisconsin Water Science Center. Accessed October
10, 2018, from https://wiwater.usgs.gov/gwcomp/find/funeau/index. html,

Ward, MLH., deKok, T.M., Levallois, P., Brender, J., Gulis, G., Nolan, B.T., & Vandershce J. (2005).
International Society of Environmental Epidemioclogy. Workgroup report: Drinking water -

nitrate and health- recent findings and research needs. Environmental Health Perspectives,
113(11):1607-14.

Wisconsin Department of Natural Resources, Groundwater Retrieval Network. Last accessed October 1,
2007.

Wisconsin Department of Natural Resources (WDNR). (2015). Ceniral Sands Plains Ecological
Landscape, Chapter 10. PUB-58S-1131L 2015.

Wisconsin Department of Agriculture, Trade and Consumer Protection (2017). 2016-2017 Fertilizer
Summary Report. Retrieved October 5, 2018, from https://datcp.wi.gov/Documents/FertilizerS8um201617

pdf.

22

ED_004625A_00022255-00022



Appendix A — Tables and Figures

ED_004625A_00022255-00023



Table A-1, Compurison of the CRL Methods Nitrate-Nitrite W, Nitrate-N with UNL Nitrate + Nitrite-N and Hach® Nitrate Test Strips

UmL

pH (U} of the CRL i
. Mitestoshlieit A Fisld Dat
CRUNG3NOZN Result | , Nitrate-nitrite | Nitrateshitrite. | EPAFisld Data
o . , - CRL Nitrate - N Result Abs , N Nitrate {mg/L)

SAMPLENAME | LABSAMPID D7781-14 g/l - v o . Nitrozen results L
Gallers {mg/Ll- I Calculated differance B 14 il Hach Nitrate

allery ¥7781-14 {mg/L) - {mg/L} Test Strips

Gallery samples v
253.2 Method

Ala 1805005-01 0.0738 (U}* 0.06102 0.01 2 0,000 5
Alb 1805005-02 1.79 1.34284 0.45 2 0.052 3
A2a 1805005-03 36.9 o . zeamg 2 0,000 0
A2b 1805005-04 0.03411 (U)* 0.0122266 Y 2 *0.006 1
A3 1R05005-05 0.00583 (U)* 0 0.01 2 0.071 1
A3b 1805005-06 0.12 0.05424 0.07 2 0.047 0
Ada 1805005-10 1.25 0.38366 0.37 2 0.568 2
Adb 180500511 451 4.3166 0.29 2 01724 4
Bla 1805005-12 0.02071 {U}* 0 0.02 3 0.018 0
81b 1805005-13 0.04143 (U} 0,0113226 0.03 2 0.043 0
R2a 1805005-14 0.02529 (U)* o 0.03 2 0,000 0
B82b 1805005-15 0.23 0.14012 0.09 2 0.082 0
B33 180500516 4.53 4.0454 0.48 2 1.28 5
83b 1305005-17 0.96 0.56726 0.39 2 *0.000 2
B4 1805005-18 33.3 27.12 6.1% 2 17.5 50

A~1 | EPA Northeast Juneau County Greundwater Investigation Findings

ED_004625A_00022255-00024




pH S of the CBL

LML

CRUNOSNOIN Result | o oo o o Niteate-Nitrige | Miratashitrite ;%i;;z fmﬁﬁ:
SAMPLENAME | LABSAMPID |  D7781-14 (mg/L}- o N Nitrogen results N e Ime
Gallery fmg/il- 1 Calculated difference 5778114 (mg/L) - v Hach Nitrate
ille o {mg/L} Test Strips
Gallery samples
| 353.2 Method

B4k 180500519 28.0 17.3568 o 2 8.1 20
Cla 1805005-20 0.12 0.0791 2 9.08 o
Cib 1805005-21 0.02426 (Uy* 0.05198 0.03 2 0.44 o
C2a 1805005-22 424 36.16 5.94 2 225 50
C2bs 1805005-23 3.35 27572 0.63 7 0.866 10
3a 1805005-24 27.7 73.278 442 2 9.08 20
C3b 1805005-25 2.62 1.72212 0.90 7 0.44 3
Csha 1805005-26 443 38.42 5.88 7 13.1 20
£5AL 180500527 59.2 62.602 3.40 2 22 50
Cha 1805005-28 36.8 38.42 1.62 2 15.1 50
csb 180500529 253 25.312 0.01 3 11.7 50
Cra 1805005-30 317 34.126 2.43 2 19.5 50
C7b 1805005-31 37.3 37.968 0.67 2 14.7 )
C8a 1805005-35 17.1 18.193 1.09 2 6.64 20
cab 1805005-36 2.95 2.486 0.46 2 2.39 5
Coa 1805005-37 2.48 2.2826 0.20 2 2.47 2

A~ | EFA Northeast Junean County Groundwater Investigation Findings
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UNL
pH {SUl ol the CHL o
CRUNOSNOZNResult | oo . Nitrate-Nitrite | NitratetNitrite- mf:;jfmgjg
SAMPLENAME | LABSAMPID |  D7781.14[mg/t). | - noale- M nesy L Nivogen results N bl
Galler {mg/L} - i€ Calculated differance D7781-14 (me/L) - - Hach NMitrate
Gallery samples
353.7 Method
Cob 1805005-38 0.69 0.565 0.12 2 0.646 2
C10a 1805005-39 8.33 6.893 1.44 2 7.76 5
C10k 1805005-40 16.7 16.95 0.25 2 15.6 20
Clia 1805005-41 0.00348 (U a 0.00 3 *0.000 0
Cilk 1805005-42 0.57 0.34804 0.22 2 0.119 1
Cl2a 1805005-43 0.02879 (U}* 0 0.03 2 *0.000 0
C12b 1805005-44 0.05712 (U)* 0 0.06 2 *0.000 0
Ci3a 1805005-45 0.02451 (U)* o 0.02 3 *0.000 o
C13b 1805005-46 0.02199 (U)* o 0.02 2 *0.000 0
Dia 1805005-47 -0.01954 (U)* 0 0.02 2 *0.000 0
Dl 1805005-42 0.02459 {U)* o 0.02 3 “0.000 0
D24 1805005-49 2.86 25538 0.31 3 1.65 5
D2h 1805005-50 32.7 33.9 1.20 2 135 50
D32 1805005-51 211 71.7638 0.66 2 .98 20
b3b 1805005-52 23.4 222836 112 ) 131 50
D4a 1805005-53 20.5 71.4022 0.90 2 102 20

A-3 | EPA Northeast Juneau County Groundwater Investigation Findings
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UNL

| pH (S} ofthe CRL | - g
CRLNOSNORNResult | . .. . G Nitrate-Nitrige | DitraterNinte- iff: ;:f?mﬂii
SAMPLENAME | LABSAMPID | D7781-14 (mg/L) - 9 ey | Nitrogen results N B
Gall e {mg/L] - 1€ Calculated diffarence 778114 {mg/L Hach Mitrate
ey AEeLnR NG - {mg/t} Tast Wrigs
Gallery samples
353,27 Method
Dab 1805005-54 50.6 55.37 4377 2 177 50
B5a 180500701 (.29 047686 0.19 i 0451 2
D5h 180500702 1.3 1.52324 i 148 2
063 180500703 -.08753 (L)* 48.042 1 41.1 50
L6l LBO5007-04 -0.01465 (U 26,884 1 245 50
p7a 1805007-08 -0.06481 (U)* 37.968 1 30.7 50
D7k 180500709 36.8 39324 1. 327 50
D3a 180500710 42.3 48.816 1 48.8 50
D&k 180500711 0.03843 (U 48.138 1 39 50
D93 1805007-12 0.09567 (U)F 31.414 1 30.3 20
vietel 180500713 2.29 2.8702 i 1.52 5
310a 1505007-14 14.3 13,2888 1.04 i 879 20
D0k 1805007156 02915 (U)* 15.142 1 8.4 20
Dita 1805007-18 32.2 30.284 i 28 20
Dilh 1805007-198 238 22.826 1.G7 i 14.5 20
Ela 1B05007-20 27.2 2436 2.34 1 11.7 20

A~4 | BPA Northeast Juneau County Groundwater Investigation Findings
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pH [5U) of the CRL

UNL

. o R v v Abs Nitate Nioite Mitrm;mﬁm ifiﬁ:ﬁjﬁ
S LEsaeRD @??823% émgi b {mgfl)- RC Calculated gitferenre v*‘ﬁ?"?g?”v ?ﬁwm v . Hach Nitrate
Sallery , mmmg;mgﬂi - {mg/L] Test Strips
Gallery samples v
253.2 Method

Eib 1805007-21 257 23.73 1.97 1 118 50
EZa 1805007-22 152 1.36956 0.15 i 0.995 2
E2b 1805007-23 3.5 2825 0.33 1 2.58 2
E3a 1805007-26 6,58 61698 0.41 1 3.83 5
E3b 1805007-27 740 7.5936 .12 1 6.14 5
Eda 18050Q7-28 233 22.6 G.70 1 261 20
E4b 1865007-28 26.8 25.086 1.71 1 20 20
E5a 1805007-30 38.7 35.03 3.67 1 283 50
ESh 1805007-31 26.9 24.408 249 1 7.5 20
EGa 1805007-32 0.15 0.14464 0.01 1 0.149 0
E6h 1805007-33 .15 0.08583 0.06 1 0.093 O
Efa 1805007-34 -0.08565 {U)* 21.47 1 i6.1 20
E7b 1805007-35 -£1.03298 (Uy* 22.3514 1 138 50
E&a 1805007-36 -0.03298 (U} 16.087 1 28.6 20
Esh 1305007-37 -0.11255 (U)* 25,764 1 211 50
ElGa 1805007-38 113 1.05984 1 G427 2
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LML

pH{SUjofthe CRL | |

CAUNOSNOINResult | o o0 i Mitrate-itrire | Nibateribrite: Zf:;ﬁ:wfmmiz

SAMPLENAME | LABSAMIPID DI7T8L-14 {mgfl) - S . e Nitrogen results N o @, ’g
Sallery {me/Ll- I Coloulated diffsrence 778114 (ma/l) Hach Mitrate

allery S8R img {mafL} Test Strips

Gallery samples
532 Method

E105 1805007-40 0.06174 (U)* 0.0452 1 0.042 D
Foa 180500743 0.06142 (U)* 15.9782 - 1 20.8 10
£ 1805007-44 202 16.7692 YT 1 263 20

As noted above in Section 11, page 3, EPA compared the CRL nitrate-nitrite nitrogen data using ASTM Method D7781-14 1o other
datasets. Shown below are scatter graphs to evaluate the correlation between this data and CRLs data for nitrate-nitrogen via EPA
Method 300.0 and CRL’s total dissolved solids data. The correlation coefficient betwesn CRL’s ASTM Method D7781-14 and EPA
Method 300.0 15,5209 when including all data. However, when the inconsistent data is not plotied, the correlation coefficient 1s 9784
(Appendix A, Figure A-20. The correlation coefficient of TDS to CRL nitrate-nitrite nitrogen data using ASTM Method D7781-14 is
{1.5359. However, when the inconsistent data is not plotted, the correlation coefficient 15 .9343 (Appendix A, Pigore A-21). There is
also a strong correlution betwesn EPA Method 300.0 and TDS with a correlation coefficient of 8341 (Appendix A, Figure A-22}.
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Table A-2: CRL Anior Analyses

Sample I3 | Collection Colleetion Fluoride Flaes/ Thloride Flags! Sulfar Fings! Bromide Flagy/ Mitvakes Flags?
Date Time mgl Cranliliery migl Onalifiers sS4 Dualidien melt Ouslifiers | Ditvogen: [Qualifiers
mpll
Ala 473972014 F:19 A 0.06 441 7.02 7 D.066% - {Hy,.J
Alb 4302018 732 AM .03 1.1 598 15 1,34 {Hy,
A2a 47302018 15 AM .04 121 G 84 i 2] (Hy J
A% 43072018 8:24 AM 0.06 185 301 e i) {Hy, L
Ada 4302018 9106 &AM 0.08 .75 3.79 o 18] (i, UJ
Al Af3020618 914 AM 0.03 0.77 644 U 0.0551 (Hy T
A4 Feaudp 4/30/2018 938 AM 0.04 100 518 9] 3.05392 (Hy,
Ada (Dup) 430/2018 96 AM 0.08 .76 T8 U U {H3 UJ
FR1 473042018 949 AM 8] 0] 1) L L (D, 1
Adg 473072018 G558 aM .07 a1 26.5 U 0.884 [iz0
Adb 47302018 1109 AM 0.06 0.53 107 8} 431 (F, J
Bla 4307298 16:51 A (.08 0.71 8,18 U LS (I, U
Blib 43072018 10:58 AM 0.09 1,13 7.87 17 1% (Fy, U
Bla 4530/2018 1140 Al 0.08 277 %81 U U (D, U
B A28 1148 AM 0.4 (.50 J 310 I Il .14 {Hy, 1
Bla 430/2018 12:28 .45 19.5 26.3 ) 4.05 {FL T
Bib 4/30/2018 12:36 .05 2.09 6,72 U .568 {HJ
Bda 4230/2018 1310 0,03 350 66.3 8] 27.1 {Ey {HLJ
Bdb 47302018 13241 010 267 112 11 17.4 .t
Cla 4/30/2018 1502 0.03 0,73 779 U 0.0799 {Hy. J
Clb 473012018 15:27 0.03 0.78 6.53 o 4.0515 {HLJ
{2a 4302018 16:406 (.03 344 262 U 36:1 (R EIN]
{20 4/30/2018 16:14 0.04 333 157 U 275 {Hj, 4
C3a A30/2018 i4:16 (.03 300 439 g 23.2 (B).{J
3b 473012018 14:26 G.03 575 11.5 ] 1.72 (H J
{8An 12018 5:29 (.02 388 9G4 {12 385 NN
CEAb SIL00R 6:43 1,04 505 101 .14 2.6 (EL¢HD, J
Coa 512018 F06 6.03 43.5 54.7 .16 38.3 (B3 {H. 0
Chb 5772013 715 5.09 295 88.9 .17 254 [(E} ()]
CTa SA2018 748 .03 336 52.5 .13 34.0 By (5.0
CT7h L2018 &:02 (.04 359 95.2 0.15 388 (), (. J
FB2 5102018 739 9] U 8] U 9 {Hy Ul
7 Eguip S5/1/2818 7:38 (.02 .73 1,85 ¢ j¥) (1, I
C7h Dup $1/2018 RRERS 0,04 37.3 5937 015 34.8 (E) (H),J
C8a 5/1/2018 &35 .05 159 445 L U 18.2 H3, (MS) T,
1.
CBh SHI2018 442 (.04 1.84 1539 9] 249 L{H
(0 5012014 143:00 .05 366 164 i 229 {H3, 3
60 S/172618 13:21 u 0.56 6,69 i 0.563 (3. ¥
ClGa S5/1/2018 11:85 0.05 6,93 3.35 2! 6.90 (MY, 3
C10h SAR2018 1132 0.07 31.3 2.03 i 1649 {H), 4
Clia 57142018 11:46 0.04 0,78 8.99 13 U (H, U3

A-7 | EPA MNortheast Juneau County Groundwater Investigation Findings

ED_004625A_00022255-00030




Sample 10 ulleetion ollsction Fluuride Flags/ Chluride Ylags/ Sulfure Flags/ Bramils Flags) | Bibrates Flagy
Ehats Time mgil Srualifins it Onalifiory ad B 1Onakifiers 1780 Ouslifivrs | Mitrogen. [Dunlifiag
el
C11b U018 1352 .10 0.92 6.69 u (.347 (0, 3
Ci2a SR01E 12:41 .09 1.68 3,91 5 iJ {HYy, U
12k 57172018 1247 0.07 .34 .93 J Iyl {3, 118
Cida §i1/2018 1330 (.08 0.66 §46 18] u (H, U
{13k S12018 1336 011 127 734 L U (i, U
Dia 512018 14:19 0407 (.53 .67 o 1 (), L
Dib SA/2018 1426 .07 .83 492 1 9 (H), Ul
T33n 12018 1506 0.06 {73 443 L 2.56 (i,
Db 512018 L5:06 011 388 Q.1 013 34,0 9, (H), )
D3a /12018 15:41 3.06 315 25.5 U 21.8 D
I5h 512018 15:48 (.05 344 2.85 9] 222 i (ML J
Dida S/L2014 1619 0,04 294 251 U 214 £, 1H)d
124 52018 16:26 .05 63.7 430 0.15 354 D, (T, T
D3a S/22018 638 (103 i.67 {153 6] G477 {E J
5h 5272018 6148 (.04 0.79 6,635 |8 1,52 [V
16a 5202018 747 i) 457 568 §.15 499 (EY, (HyL T
Di5b FR2018 7.2 (.04 278 670 1L 7.0 (B (1), 1
DTEquip 22018 261 0.05 207 1.27 11 (3.0427 (0.}
PR3 5272008 803 il 1] L 1 U (i, R
D7abDun SIS 812 i 470 &h.5 & 382 (B (1), F
373 GF2/ZG18 R:i2 i 46.8 L GB7 L i 38.1 (B, {H),
{5, 1. L
7h SI22018 ERE 0.05 412 12 9] 304 (B, (0. 3
D85 222014 855 .03 30.6 8.8 IRE 488 £y, (Hy 4
128b S/2/2018 9:11 .05 o2 6.4 (.14 482 (B (H
a 5202018 .43 0.03 41.4 71.0 u 314 (B, (1. 3
1305 54272018 G754 0.66 4.56 10.8 U 287 (I, ¥
Dlos S8 128 .04 228 259 U 133 {H 3
D31 Bulhup SIHAGLE 10,26 (.03 229 208 ) 10.3 (Hy, 3
Dok 5722014 10:4]1 .04 21.6 3.6 U 14.1 {4
BOEDup §/2/2018 141 343 20.0 3.5 1J 14.7 (1, ¥
Dlig SIHZ018 11.19 0.03 225 i 214 L u 302 (HY, tH}
(M, T, L
DLl 5/2/2018 1142 002 34.9 L. &6 L LI 227 (By (1,4
Fila 522018 12:4] 0.03 332 763 i 24.8 (B, (FI), 3
ib 522018 12:58 46 273 38.0 1) 3.8 (B, (0,
E2a SI2/2018 13:2 .05 2.0 8.54 & 1.37 (Hy,J
£25 SIS 13:37 0.08 1.76 13.0 U 283 1. 1
E2uDup 522014 13:38 (1435 276 .79 U 144 (T4, 4
EZbDup SIZ2018 13:37 047 .59 12.6 U 284 SR
Ii3a 37272018 14:03 005 2.1 467 U 5.17 {H), ]
E3b 57224118 14:08 (.06 .97 274 9] 160 (3.
Tda 272018 1437 0.04 164 714 9 9] 226 (), (HD,

MELE
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Sample D | Collevtion Collection Flaneide Flapy/ Chilvide Flage/ Sultate. Biagss Bromide | Flags/ Witrates Fhags/
Bate Time mg/l Gualifiers mail Duulifiers 25804 [ Oualifiers mefl Cnlifiers | Niwrogén Quglifiers
mell
Edb 5122018 1443 {08 337 62.8 U 25.1 (E), (Hy.
Tha 522018 1508 .03 308 69.3 14 381 (B} (Hy J
ESh 5272018 1513 (.04 285 613 U 24.5 (By, (H), ]
Efa 8122018 1538 0.06 (.48 600 19] 0,144 COVY, (3,
J, K
Ebh 5122018 1544 0.4 (.69 5.559 U 0856 COVY, (7D,
LK
Ea 54272018 16:09 0.02 3.0 411 u 215 CCV), (E),
4. &
I7h 57272018 16:35 U 32.4 47.5 0.15 224 COWY, {B),
(HL, L%
EBéa /32018 &40 U 269 346 u 9.4 L K, OV,
(i)
H8h SER0g $AR 0.03 371 0.6 .14 357 ICOVILAE).
{3 K
E9a 51342018 9:53 0.06 3.2 64.8 U £6.0 0.7
Eoh SI3201% 10:02 0.08 321 L 623 L L 16.8 (. g
Ei0a 5312018 7:15 (.06 0,58 8.54 u 106 CON, (H),
LK
Elalup $32018 718 .05 .57 823 U £.01 COYY, (1),
J K
Bt 532008 727 0.04 1.05 16.2 U 0.0459 COVY, (H),
LK
FB4 3502014 736 [ U u U ] {oCV),
(MY B0
F10 Bquip 534 713 U u u U U (.
Lhr

UF- The sualyte was not detected st orabove the reported Hmit. The reported limil is an estimaie
L~ The idertification of The anabyte is acceptable; the reported valus may be biased low, The setual value is expecied to bs greater than the reported value

K- The identification of the analyte is acceptable; the reported valus may be biased high. The actusl valug iz expected to be greater than the repotied valog
3 The identification of the analyteis aceeplably; the reported value is g estimate
{MS) Matrix spike fecovery crileria not met for this anaivte
(D) Holding tims excecded for sample prepatation and/or analysis; Target analyte conoshirations and/or reporting limits may ot bie aceuirate
(E} This analyle eteeeded calibration range
(CCY) Continuing calibration verification criteria not met for tis analyie

- Mot Deteoted
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Figure A-1.

Temporary Groundwater Sample Locations *
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Figure A-2.

EPA UNL Nitrate+Nitrite-N Results
(boring groundwater samples 36-49' below surface)
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Figure A-3

EPA UNL Nitrate+Nitrite-N Results
{boring groundwater samples 20-34" below surface)
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Figure A-4.

EPA CRL IC Nitrate-Nitrogen Resuits
(boring groundwater samples 36-49" below surface)
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Figure A-5,

EPA CRL IC Nitrate-Nitrogen Results
{boring groundwater samples 20-34 below surface)
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Figure A-6.

EPA CRL Nitrate-Nitrite N Results
(boring groundwater samples 36-49' below surface)
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Figure A-7.

EPA CRL Nitrate-Nitrite N Results
{boring groundwater samples 20-34" below surface)
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Figure A-8.

Hach Field Test Strip Nitrate Results
(boring groundwater samples 36-49" below surface)
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Figure A-9.

Hach Field Test Strip Nitrate Results
(boring groundwater samples 20-34" below surface)
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Figure A-10.

EPA CRL Bromide Results
(boring groundwater samples 36-49" below surface)
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Figure A-11,

EPA CRL Bromide Results
{(boring groundwater samples 20-34' below surface)
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Figure A-12,

EPA CRL Chicride Results
(boring groundwater samples 36-49' below surface)
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Figure A-13,

EPA CRL Chioride Resuils
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Figure A-14.

EPA CRL Sulfate Resulls
{boring groundwater samples 36-49' below surface)
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Figure A-15,

EPA CRL Sulfate Resulls
(boring groundwater samples 20-34 below surface)
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Figure A-16.

EPA CRL Total Dissolved Solids (TDS) Results
(boring groundwater samples 36-49' below surface)
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Figure A-17.

EPA CRL Total Dissolved Solids (TDS) Results
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Figure A-18.

Expected nitrate sources based on UNL §15N-NO3N and 8180-NO3N isotope results
{Samples 356-49" below surface)
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Figure A-19.

Fupected nitrate sources based on UNL S813N-NO3N and 3180-NO3H isotope resulls
{Samples 20-34" below surface)
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Figure A-20. Comparison of Nitrate-Nitrite and CRL IC Nitrate-N with and without Inconsistent Data
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Figure A-21. T8 and CRL Nitrate-Mitrite N with and without Inconsistent Data
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Figure A-22. TDS and CRL Nitrate-Nitrogen Method 300.0
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APPENDIX B

Nitrate-N Isotope Results and Interpretation. Prepared for Eastern Research Group Prime Contract #EP-
W-15-006. University of Nebraska Water Sciences Laboratory Lincoln, NE 68583-084, September 2018.
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Dantel Snow, University of Nebraska Water Sciences Laboratory Linceoln, NE 68583-8844
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Introduction

In May 2018, EPA conducted sampling at multiple locations in Wood and Juneau counties in
Wisconsin up-gradient and down-gradient of Central Sands Dairy, LLC production area and land
application fields. The purpose of the sampling was to identify potential manure contamination

of ground water, surface water, and drinking water. EPA provided 87 samples to the University
of Nebraska (UNL) Water Sciences Laboratory for "N-NOj; and '*0-NO; isotope analysis. UNL
provided nitrate-N concentrations and stable isotope results for 71 of the 87 samples on June 11,
2018. EPA is requesting that UNL provide additional explanation and interpretation of the
analytical results. This report will include the following:

e An explanation of the stable isotope analysis of nitrate, how it is measured, and how it
may be applied in groundwater.

+ A discussion of the expected ranges of nitrogen and oxygen isotope composition for
nitrate due to sources and expected effects from denitrification using information from
scientific literature.

s Plots of "'N-NOs versus nitrate concentration for samples received compared to expected
ranges based on sources and effect from denitrification.

»  Plots of measured '*0-NO; versus '"N-NO; compared to expected ranges based on
sources and effect from denitrification.

¢ Evaluation of any anomalous resulis.

¢ Evaluation of isotope results in the context of other water chemistry data.

o List of supporting references

Background on stable isotope analysis of nitrate

Nitrate (NO3) is composed of multiple stable isotopes of nitrogen and oxygen, and the
composition or proportion of these isotopes changes in a predictable way in surface and
groundwater systems. Moreover, nitrogen from specific sources has been shown to have a unique
isotope composition or “fingerprint” which has led to a number of studies investigating the utility
of linking nitrogen sources to nitrate contamination. The conventional method for measuring and
reporting the stable isotope composition uses a delta (8) notation based on the following
equation:

R___—R.
5(0/00):Wx1000

alr

where “R” is the measured isotope ratio of the less abundant isotope over the more abundant
isotope for a sample and standard (air). In the case of nitrogen, “air” or atmospheric nitrogen gas
is used as the reference standard with a very constant °N composition of 0.366% (Junk and
Svec, 1958). The reference for oxygen isotopes is standard mean ocean water (SMOW) with a
B0/1%0 = 2005.2 ppm.

Measurement of Nitrate Isotopes

A number of methods for high precision stable isotope analysis of nitrate have been published
over the past several decades. A recent mini-review discusses advantages and disadvantages of
the most common approaches (Dai, Xie, et al., 2017). All methods require separation and
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conversion of dissolved nitrate into gases that can be introduced into a high precision light gas
stable isotope mass spectrometer. Early methods, such as those published by (Spalding, Gormly,
et al., 1978) and used at the Water Sciences Laboratory until 2017, required multiple chemical
conversions, labor-intensive steam distillation and high vacuum gas-phase oxidation to purified
nitrogen (N2) gas. While a proven technique, most analytical approaches use either ion exchange
separation of nitrate, followed by high temperature conversion to nitrogen gas and carbon
monoxide using an elemental analyzer ((Silva, Kendall, et al., 2000}, or direct chemical (Mcllvin
and Altabet, 2005) or microbial (Casciotti, Sigman, et al., 2002) conversion to nitrous oxide
(N20). The newer methods are faster, can be semi-automated and permit direct measurement of
both nitrogen and oxygen isotopes in nitrate.

The method employed at the Water Sciences Laboratory uses a two-step chemical conversion of
nitrate using alkaline Cd-reduction of dissolved nitrate to nitrite, followed by acidic reaction of
nitrite with azide to produce nitrous oxide (N20). N2O is purged and cryogenically trapped on an
Isoprime Tracegas preconcentrator interfaced with a GVI isotope ratio mass spectrometer.
Trapped N2O is chromatographically separated from nitrogen gas, and ions with m/z =44, 45,
and 46 are simultaneously separate and monitored on a muiti-collector magnetic sector mass
spectrometer. Standard nitrate solutions of from known, or isotopically-characterized nitrate are
processed and analyzed in the same way as samples, and the results used for calibrating the mass
spectrometer and determining. A working N2O gas standard is measured between every sample
and the ratios 44/45 and 44/46 converted to deltas (8) using the instrument software.

Stable Isotope “Fingerprinting” of Nitrate

Nitrogen in commercial fertilizers (urea and anhydrous ammonia) has an isotope composition
very similar to atmospheric nitrogen, and typically ranges from -6 to +6 per mil (%o)(Kendall,
Elliott, et al., 2008). Extensive data collection and analysis of fertilizer sources has suggested
that the isotope composition of the majority (~80%) of inorganic nitrogen fertilizer sources
ranges between -3 and +3%o (Michalski, Kolanowski, et al., 2015). In comparison, nitrogen from
animal manure, sewage or biosolids tends to be enriched in the heavier '°N isotope, especially
after deposition and conversion to the highly volatile ammonia (Kendall, Elliott et al. 2008), and
its range tends to be significantly higher, typically between +10 and +25%.. Oxygen isotopes in
nitrate, may either originate from the oxygen in a commercial nitrate fertilizer (KNO3 or
NzH403) or from oxygen atoms in the soil, air, and water during nitrification of ammonia.
Because the oxygen isotope composition in air is relatively constant (+22 to +24%s), and the
oxygen isotope composition of water changes in a predictable way (usually -5 to -20%e.), it is
possible to predict the oxygen isotope composition of soil nitrate formed by nitrification.

Both the nitrogen and oxygen isotope composition can be changed in nitrate by another process
called microbial denitrification, changes nitrate to nitrite, nitrous oxide, and may eventually
convert nitrate to nitrogen gas and water. Because the change in composition is predictable,
simultaneous measurement of both nitrogen and oxygen isotopes can provide clues about the
source(s) of nitrogen, timing of nitrification (nitrate formation), and whether denitrification has
helped to remove any nitrate. As figure 1 indicates, however, the use of both nitrogen and
oxygen isotopes for distinguishing sources of nifrate in groundwater can be complicated by
multiple sources (atmospheric, manure, septic systems) and processes.
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Figure 1. Expected variation of PN-NO3 and 3 0-NO; from a variety of sources, along
with the predicted trends due to denitrification (Kendall et al 2008).

Finally, interpretation of the measured isotope composition of nitrate in groundwater samples
with respect to potential sources should include consideration of the expected ranges from
sources, potential for mixing multiple nitrogen sources, and the possibility of changes in the
isotope composition due to biogeochemical processes (Kendall and Aravena, 2000). While this
is often challenging, comparing the measured isotope composition of nitrate with other
parameters, such as dissolved oxygen, iron, chloride and alkalinity, can help support
interpretations. :

Trends from the Study Area Samples

Figure 2 shows the relationship between increasing isotope composition with groundwater nitrate
concentrations of samples analyzed for this study. Denitrification of a single {organic or inorganic
fertilizer) source can be indicated by an inverse trend between groundwater nitrate-N concentration and
nitrogen-15 content of residual nitrate (Gormly and Spalding, 1979), especially with increasing depth. A
single source of nitrogen is not indicated by the relationship between nitrate conceniration and §°N-NOs.

Plots of the 8"N-NO;N composition versus the natural log and inverse (1/NOsN) concentrations can help
distinguish between denitrification and simple mixing. Figure 3 shows the relationship between the
natural log of nitrate-N concentrations (mg/L) versus 8"*N-NO3N composition of nitration. A log-lincar
trend between nitrate-N concentration and 8'*N-NOsN provides evidence supporting microbial
denitrification as a factor controlling the isotope composition of groundwater nitrate (Kendall and
Aravena, 2000). As noted above, biogeochemical transformation of nitrate can increase the nitrate-N

ED_004625A_00022255-00060



isotope composition and must be considered when inferpreting nitrate isofope results. The correlation is
weak, however, suggesting denitrification is not the only process contributing 1o enrichment of §7N-
JRISER

0.0
400
30.0
P TN 5= 0.1066x% + 0.025
= RE=0.057
=
1%

0.0 10.0 20.0 30.0 400 50.0 60.9
NOSN (mg/L)

Figure 2. Correlation between 8" N-NO:N and groundwater nitrate concentrations. Trend line is
consisient with an overall increase of nitrogen-15 isotope compositionwith increasing
concenivation.

A plot of SN-NOaN versus 3'"0-NOsN is shown in figure § together with expected ranges for
nitrate resulting from nitrified conmmercial nitrogen fertilizer (anhydrous ammonia, urea, ele.),
nitrate-N from manure and septic system effloent, and inorganic nitrate fertilizer sources. Gnly |
zample plots in the isotope range inorganic nitrate fertilizers, while over 50% of the samples plot
in the range expected for nitrification of commercial nitrogen fertilizer. Roughly one-third of the
isotope results full in the range expected for manure and septic system nitrogen, and several
points arg consistent with enrichment due to denitrification (Kendall, Elliott, et «l., 2008},

lnysual or Anomalous Isotope Results

The majority of the nitrale isotope composition measured are consistent with ranges expected
from niteification of commercial nitrogen fertilizer or organic nitrogen sotrees. Denitrification of
nitrate-N in the groundwater would be expected to shift both the 8PN-NO:N and §Y¥0-NO:N o
more enriched values and several points are consistent with this enrichiment. Samples from
toeation “E” tend 1o have isotopically enviched nitrate, and also are lower in dissolved chloride
and sulfate (Table 1), Nitrate from sample [D “H9a" (45° depth) had the highest measured 8"°N-
MOs = +729.79%0 and is consistent with nitrogen from an organic source. Several sampies had
very low (negative) 8 N-MNOsN results, sanging from -5 to ~11.41%.. Megative, or depleted
SISN-NOAN occurs during incompleie nitrification of soil niirification. Significant depletion of
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B1N-NOsN can also oceur during partial denitrification (Bates, Martin, ef al., 1998, Kendall,
Elliott, et al., 20083,

L

4.0 -2.0 0.0 2.0 4.0 -6
Ly (NO3N} Contcentration '

Figure 3. Trend of the natural log (Ln) of nitrate-N concentrations versus "N-NO; composition
of nitrate. A linear trend is consistent with microbial fraction due to denitrification.
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Figure 4. Trend of inverse nitrate concentration (1/NQO3N) versus "N-NO:N of nitrate. Simple
mixing or dilution of u single source would be indicated by a linear corvelation.
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Rebded Water Chomistiy

A spreadsheet listing of related water chemistry data collected with these samples was received
Tuly 26" from Chery! Burdett, including samples analyzed at EPA’s Chicago Regional
Laboratory. Selected results are included in Table 1 for direct comparison of nitrate isotops
measurements with field measurements (pH, temperature, depth), nitrate-M concentrations, AN
NN, 880NN, dissolved chioride, sulfate, anmmonia-N, iron and manganese. Niteate-N
concentrations from field samples averaged 10.0411.6, and concentrations higher than 10 tended
o ocour in deeper samples (5307) and in samples collected toward the end of the samipling event.
Samples with higher nitrate concentration also tended to have elovated chloride, sulfate,
ammonia-M and iron {Table 1), Elevated iron and ammonia-N coneentrations are consistent with
reducing conditions in groundwater likely {o encourage microbial denitrification, Total organic
carbon was measured but did not appear to show any trend with other parameters. There is a
general positive correlation (R*=0.67 of dissolved chioride with suifate, and samples with high
dissolved chiloride tend to have lower 81°-NOsN characteristic of commereial nitrogen sources.
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Table 1. Summary of field parameter data, nitrate and nitrate isotope measurements, together with
selected water chemisiry data from EPA’s Chicago Regional Laboratory.
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